OBJECTIVES: Atrial fibrillation (AF) after cardiac surgery has been reported to be approximately 30%, making it one of the most important causes of morbidity and mortality post surgery. Although various clinical and laboratory predictors and underlying mechanisms progressing to postoperative AF have been proposed, the role of ischaemia in pathogenesis is doubtful. In this study, the association of coronary collateral circulation (CCC) and severity of coronary artery disease (CAD) with the development of postoperative AF was investigated.
INTRODUCTION
Atrial fibrillation (AF) is the most frequently encountered postoperative arrhythmia related to coronary artery bypass graft (CABG) surgery. AF has been reported in up to 10-40% of patients in the early postoperative period following CABG and is associated with increased mortality and morbidity, including major stroke [1] .
The pathophysiology of postoperative AF is not clearly understood, and its mechanism differs from classic AF in several points [1, 2] . Various pathophysiological mechanisms, such as atrial factors, postoperative inflammation, pericarditis, electrical remodelling, autonomic imbalance, increased vagal tone, atrial incision and perioperative ischaemia, have been proposed to have an important role in the occurrence of postoperative AF. Older age, low ejection fraction and presence of electrolyte imbalance have also been suggested as risk factors for postoperative AF [3] . Poor myocardial protection and atrial ischaemia during cardiopulmonary bypass (CPB) have also been reported as important mechanisms of postoperative AF [4] . The underlying ischaemic mechanism has been discussed in various reports comparing on-pump versus off-pump CABG [5] . Severity of coronary artery disease (CAD) and coronary collateral circulation (CCC) are indirect indicators of ischaemia [6] . CCC is one of the main protective adaptations of the heart against ischaemia. Increased CCC may reduce the risk of postoperative arrhythmia by protecting against ischaemia. In this study, the effect of CCC and severity of CAD on occurrence of postoperative AF were investigated.
MATERIALS AND METHODS

Patient selection
This study was approved by the Human Studies and Research Committee of our institution; individual patient consent was obtained from each patient. A total of 597 patients who underwent CABG surgery on CPB at our institution between December 2010 and July 2013 were included in the study. Pre-, peri-and postoperative data were entered into computerized database prospectively. Exclusion criteria were emergency cardiac surgery (e.g. acute myocardial infarction), concomitant valvular surgery, severe atrial enlargement (>5 cm) and preoperative history of AF.
Procedure and protocol
After coronary angiography, transthoracic echocardiography was performed for all patients, and blood samples were then taken for analysis. Perioperative data, including laboratory results, haemodynamic measurements, operation duration and rhythm analysis, were recorded. Patients were followed up over the 30-day postoperative period. In the immediate postoperative period, patients were placed on continuous cardiac monitoring, and 12-lead electrocardiography (ECG) was obtained when necessary to confirm rhythm abnormalities. ECG and rhythm strips were checked daily. The patients who developed AF and became symptomatic after discharge during the 30-day postoperative period were also documented and confirmed by ECG. AF was defined as absent P-wave before the QRS complex together with irregular ventricular rhythm on the rhythm strips. The occurrence of the first documented AF episode was the study end-point. Finally, the patients' angiographic data were evaluated from catheter laboratory records by three interventional cardiologists, and CCC grade and Gensini score were determined for each patient.
Definitions
Rentrop grade. The CCC was defined according to the Rentrop classification [7] as follows: Grade 0 = no filling; Grade 1 = filling of side branches via collateral channels without visualization of the epicardial segment; Grade 2 = partial filling of the epicardial major coronary artery via collateral channels; and Grade 3 = complete filling of the epicardial major coronary artery. In patients with more than one coronary artery lesion, when there was more than one CCC, the CCC with the highest Rentrop grade was used. The patients were further classified into two groups according to Rentrop grades as either poor CCC (Rentrop grade 0 and 1) or good CCC (Rentrop grade 2 and 3).
Gensini score
Severity of CAD was assessed by the angiographic Gensini scoring system [8] . The Gensini score is a point scale that is based on the number of stenotic coronary artery segments, including degree of luminal narrowing and localization of the stenosis. Gensini score was calculated as the sum of stenosis scores and functional significance scores calculated for each segment of the coronary artery tree. The stenosis score expresses the percentage of reduction in the diameter of the coronary artery lumen (the score was from 1 to 32 for complete occlusion). The functional significance score illustrates the regional importance of the position of the lesion (the score was from 0.5 to 5). A Gensini score >40 but ≤100 was defined as advanced CAD, and a Gensini score >100 was defined as heavy CAD.
Statistical analysis
Statistical analyses were performed using SPSS 20.0 (SPSS, Inc., Chicago, IL, USA). The data are presented as frequencies, proportions or percentages, or means and standard deviations. The Student t-test was used for continuous variables between groups. Categorical variables were compared using the χ 2 test. Pearson's correlation analysis and Mann-Whitney U-test were performed to show correlation between postoperative AF and clinical features, including CCC and severity of CAD. Multivariate binary logistic regression analysis was performed to analyse independent factors affecting postoperative AF development. Variables with significance (P < 0.05) in bivariate analyses were included in multivariate logistic regression model. The odds ratio (OR) and 95% confidence interval (CI) for each variable were reported. All P-values were two-sided in the tests and P-values <0.05 were considered to be statistically significant.
RESULTS
The baseline demographic and clinical characteristics of the patients are summarized in Table 1 . The mean age was 60.3 ± 9.8 years, ranging from 34 to 86 years, and 451 patients (76%) were male. Nearly half of the patients had hypertension and diabetes mellitus (53 and 41%, respectively). Half of the patients were current smokers and most were overweight (mean body mass index: 28.5 ± 12.9). Heavy CAD was observed in 28% of the patients, and nearly half of the patients did not show any collateral circulation. Patients were analysed in two groups according to the presence of development of postoperative AF. Postoperative AF was observed in 96 patients (16.1%). Older age (P ≤ 0.0001), female gender (P = 0.03), presence of hypertension (P = 0.03) and low haematocrit level (P = 0.003) were significantly associated with postoperative AF (Table 1) . Preoperative medication, such as statins and β-blockers, did not differ between groups (P = 0.07 and 0.2). Duration of cross-clamp (P = 0.32) and CPB (P = 0.18) were not significantly different between groups. Lengths of intensive care unit stay (P = 0.16) and in-hospital stay (P = 0.86) were not significantly associated with postoperative AF. Left atrial (LA) diameter was not found to be associated with AF (P = 0.12). In patients with LA diameter >3.5 cm (n = 290), 50 patients (17%) developed AF. In patients with LA diameter ≤3.5 cm (n = 307), 46 patients (15%) developed AF. LA diameter >3.5 cm was not found to be associated with development of AF (P = 0.453). Good CCC was found only in 27% of all patients. In patients who developed postoperative AF, good CCC was detected in 32%. However, CCC was not significantly associated with postoperative AF (P = 0.22). Mean Gensini score of patients who developed postoperative AF was 86.3 ± 40.2 and for those without postoperative AF it was 83.3 ± 40.4. There was no significant difference between the two groups of patients (P = 0.5) ( Table 2) .
Older age (OR: 1.04, 95% CI: 1.011-1.060, P = 0.004) and lower preoperative haematocrit levels (OR: 0.95, 95% CI: 0.906-0.996, P = 0.03) were the major predictors of postoperative AF development in the multivariate regression analysis (Table 3) .
DISCUSSION
The incidence of AF in the general population is approximately 1.8% [9] , whereas the incidence after cardiac surgery is higher, with the average incidence being reported as approximately 30% [10] . The mechanism of postoperative AF development is believed to be complex, comprising many clinical and perioperative factors, such as advanced age, male gender, history of congestive heart failure or AF, COPD, chronic renal insufficiency, diabetes mellitus, rheumatic heart disease, metabolic syndrome, obesity,
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I. Sahin et al. / Interactive CardioVascular and Thoracic Surgeryhigh preoperative brain natriuretic peptide, severe proximal right coronary artery stenosis, mitral valve disease, increased LA size, decreased left ventricular ejection fraction and blood transfusion before surgery [1, 11, 12] . Our findings parallel those in the medical literature in terms of age, hypertension and anaemia. Similar to previous reports, we also found that older age and lower preoperative haematocrit level were major predictors of postoperative AF development.
Myocardial ischaemia may provoke electrical instability that would cause progression to AF. Severity of CAD and CCC are indirect indicators of ischaemia [6] . Diffuse and severe CAD is associated with more extensive ischaemia [13] , whereas good CCC was shown to be a protective factor in the occurrence of ischaemia [14] . Greater extension of CAD (three-vessel CAD) has been shown to be a predictor of postoperative AF in a study in which 150 patients were evaluated on the basis of the affected number of vessels [15] . We used a highly detailed scoring system for evaluation of the severity of CAD; however, it was not found to be associated with AF. Gungör et al. [16] showed a significant association of postoperative AF with poor CCC in 165 patients. In our study, no significant correlation between CCC and postoperative AF was detected.
Intraoperative ischaemia of the atrial wall is considered as one of the pathophysiological changes resulting in postoperative AF [4] . Atrial blood circulation is simply provided by early take-off atrial branches from left circumflex or right coronary arteries [17] . Even in three-vessel disease, atrial branches may not be involved, which may result in uncorrupted blood supply to the atrium. Thus, the severity of CAD may not show an association with AF if these atrial branches are not affected. The effect of collateral circulation on the atrial blood supply is not well established. Atrial branches usually originate early from related major coronary vessels and courses through the atrial wall. Rentrop grading evaluates retrograde blood flow in coronary arteries. However, collateral circulation is more prominent in the distal segments of coronary vessels and collateral networks usually develop over the ventricular wall. Our results, which show no correlation between CCC and postoperative AF, suggest the inefficiency of collateral retrograde blood flow to maintain atrial branches.
The main limitation of this study is the use of conventional angiography, rather than specific techniques, including intravascular ultrasound and optical coherence tomography to determine the extent and severity of the CAD. Methods such as collateral flow grade, collateral frame count and recipient filling grade were not used for the evaluation of CCC. In addition, atrial branches could not be evaluated individually, which may not show parallel involvement with the severity of CAD.
Postoperative AF is the most common arrhythmia after CABG and is observed in nearly one-third of patients. However, the underlying pathophysiologic mechanisms are still not clear. In our study, we showed that existing CCC and severity of CAD were not associated with postoperative AF.
